Lactobacillus hokkaidonensis sp. nov., isolated from subarctic timothy grass (Phleum pratense L.) silage Four strains of Gram-positive, non-spore-forming, rod-shaped, catalase-negative and non-motile lactic acid bacteria, LOOC260 T , LOOC253, LOOC273 and LOOC279, were isolated from timothy grass (Phleum pratense L.) silage produced in Hokkaido, a subarctic region of Japan. These isolates grew at 4-37 6C, indicating the psychrotolerant nature of these strains. Phylogenetic analysis on the basis of 16S rRNA and pheS gene sequences, as well as biochemical and physiological characteristics, indicated that these four strains were members of the genus Lactobacillus. 16S rRNA gene sequence analysis of strain LOOC260 T demonstrated that the closest neighbours were the type strains of Lactobacillus suebicus (97.7 %), Lactobacillus oligofermentans (96.7 %) and Lactobacillus vaccinostercus (96.7 %). Strain LOOC260 T showed low levels of DNA-DNA association with Lactobacillus suebicus JCM 9504 T (14.7±3.5 %), Lactobacillus oligofermentans JCM 16175 T (15.1±4.8 %) and Lactobacillus vaccinostercus JCM 1716 T (10.7±3.0 %). The cell wall contained mesodiaminopimelic acid and the major fatty acids were C 18 : 1 v9c and C 19 : 1 cyclo 9,10. On the basis of phenotypic, physiological and phylogenetic evidence, these isolates represent a novel species of the genus Lactobacillus, for which the name Lactobacillus hokkaidonensis sp. nov. is proposed. The type strain is LOOC260 T (5JCM 18461 T 5DSM 26202 T ).
Timothy grass (Phleum pratense L.) is an important feed of domesticated animals such as cows, horses and guinea pigs. Silage containing timothy grass is known to be a source of many lactic acid bacteria, including the genera Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and Weissella (Tohno et al., 2012c) . During a study of the diversity of psychrotolerant lactic acid bacteria on timothy grass silage from Hokkaido, located in the subarctic northern part of Japan, four unidentified strains (LOOC260 T , LOOC253, LOOC273 and LOOC279) were isolated after incubation on de Man, Rogosa and Sharpe (MRS) (Difco) agar plates for 10 days at 4 u C under anaerobic conditions (Anaero-Pack; Mitsubishi Gas Chemical). Homogenates of the silage showed low pH value (4.76) and contained many lactic acid bacteria (2.2610 9 c.f.u. g 21 fresh matter), as determined using a previously described method (Tohno et al., 2012d) . Because these four unique micro-organisms resembling members of the genus Lactobacillus, from the timothy silage naturally rich in lactic acid bacteria, showed low 16S rRNA gene sequence similarities (,97.7 %) to known species of the genus Lactobacillus, they were chosen for subsequent phylogenetic and phenotypic characterization.
In order to determine the taxonomic position of strains LOOC260 T , LOOC253, LOOC273 and LOOC279, approximately 1500 bases of the 16S rRNA gene sequence of the strains were analysed as previously described (Tohno et al., 2012a) , with minor modifications. Briefly, DNA was extracted and purified from cells harvested from MRS broth by using Qiagen genomic-tips (Qiagen). The amplification was performed with two universal primers: IP: 54.70.40.11
On: Tue, 23 Apr 2019 02:09:01 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Suzuki et al., 1996) . Sequencing was carried out in triplicate on both strands, using an ABI PRISM BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) in combination with Applied Biosystems model 3130 and 3730 sequencing systems. We also confirmed the sequences using a rapid PCR-based method without DNA preparation to amplify the 16S rRNA gene (Tohno et al., 2012b; Tohno et al., 2012c) . The closest recognized relatives of the four novel strains were determined by searching 16S rRNA gene sequences obtained from the GenBank/EMBL/DDBJ databases. These sequences were aligned with the 16S rRNA gene sequences of representatives of the genus Lactobacillus and related taxa using the CLUSTAL X (version 2.0.12) program (Larkin et al., 2007) and a distance matrix was obtained using the Kimura two-parameter model (Kimura, 1980) . A phylogenetic tree was reconstructed according to the neighbour-joining method (Saitou & Nei, 1987) . Maximum-likelihood and maximum-parsimony methods were also applied to the reconstruction of phylogenetic trees using the software package MEGA, version 5.0 (Tamura et al., 2011) .
Strains LOOC260 T , LOOC253, LOOC273 and LOOC279 had identical 16S rRNA gene sequences. The sequence of LOOC260 T was compared with those of recognized species with validly published names, revealing that strain LOOC260 T showed high gene sequence similarities with Lactobacillus suebicus CECT 5917 T (97.7 %), Lactobacillus oligofermentans AMKR18 T (96.7 %) and Lactobacillus vaccinostercus LMG 9215 T (96.7 %). Although the topologies of phylogenetic trees based on 16S rRNA gene sequences using the maximum-likelihood, maximumparsimony and neighbour-joining methods were not identical, the four isolates, belonging to the genus Lactobacillus, were most closely related to Lactobacillus oligofermentans AMKR18 T , forming a distinct cluster with this strain in all the phylogenetic trees ( Fig. 1) .
The four novel isolates and the type strains of related species that formed the subcluster in the 16S rRNA gene sequence analysis were subjected to ribotyping as previously described (Kitahara et al., 2010) . The dendrogram of ribopatterns showed that the novel isolates were clearly differentiated from the type strains of their nearest phylogenetic neighbours ( Fig. S1 available in IJSEM Online). In addition, the slight differences in ribopatterns among the four isolates clarified their non-clonality ( Fig.  S1 ).
Phylogenetic analysis using another housekeeping gene was performed in addition to that of the 16S rRNA gene. The pheS gene sequences of LOOC260 T , LOOC253, LOOC273 and LOOC279 were amplified by PCR with primers pheS-21-F (59-CAYCCNGCHCGYGAYATGC-39) and pheS-22-R (59-CCWARVCCRAARGCAAARCC-39) (Naser et al., 2005) . Sequencing and phylogenetic analysis were conducted similarly to that for the 16S rRNA gene, as described above. Comparative sequence analysis of the pheS gene showed that the four isolated strains had identical sequences. Consistently among the three different tree topologies, the four isolates were placed in the genus Lactobacillus, forming a distinct cluster with the most closely related species, Lactobacillus oligofermentans ( Fig.  S2) . These results confirmed the 16S rRNA gene phylogenies obtained in the present study. The pheS gene sequences of these isolates showed 83.3 %, 81.2 % and 76.7 % similarity with Lactobacillus oligofermentans LMG 22743 T , Lactobacillus suebicus LMG 11408 T and Lactobacillus vaccinostercus 9215 T , respectively. The interspecies gap within the genus Lactobacillus, based on pheS gene sequences, normally exceeds 10 % (Naser et al., 2007) , suggesting that the novel isolates should be identified as representing a novel species of the genus Lactobacillus.
DNA-DNA hybridization was conducted using biotinylated DNA according to a published method (Ezaki et al., 1989) to validate the isolates as a novel species. The results are expressed as mean±SD of three independent experiments. The DNA-DNA relatedness values among strains LOOC260 T , LOOC253, LOOC273 and LOOC279 were between 98.2±4.5 % and 102.9±3.4 %, which indicated that the strains are conspecific. In contrast, strain LOOC260 T showed low levels of DNA-DNA relatedness to the type strains of Lactobacillus oligofermentans (15.1±4.8 %), Lactobacillus suebicus (14.7±3.5 %) and Lactobacillus vaccinostercus (10.7±3.0 %), confirming that strain LOOC260 T represents a distinct species. The DNA G+C content was determined as previously described (Kitahara et al., 2010) . The DNA G+C contents of LOOC260 T , LOOC253, LOOC273 and LOOC279 were 39.4±0.4, 39.3±0.3, 39.2±0.2 and 39.3±0.3 mol% (mean±SD, n54), respectively, which are within the range reported for the genus Lactobacillus (32-59.2 mol%) (Cai et al., 2012) .
Cell and colony morphologies were observed after growth on MRS agar plates at 25 u C for 72 h under anaerobic conditions. Gram staining was conducted using a Favor G Nissui kit (Nissui Pharmaceuticals). Spore formation was investigated microscopically and by testing for growth after heat treatment (80 u C for 20 min), using cultures incubated for 24 h, 48 h and 1 week (Cousin et al., 2012; Kaksonen et al., 2008) . Gas production from glucose was determined using inverted Durham tubes in MRS broth. Catalase activity was determined by transferring fresh colonies to a 3 % H 2 O 2 solution. Motility was tested in MRS soft agar (0.15 %) (Oki et al., 2012) . Dextran production was investigated on MRS agar, in which glucose had been replaced with 5 % sucrose (Hitchener et al., 1982) . The effect of temperature (4, 10, 15, 25, 30, 37, 45 and 50 u C) on growth was investigated using MRS broth for 7 days. Growth at pH 3.0, 3.5, 4.0, 5.0, 6.0, 7.0 and 8.0 was observed in MRS broth after incubation at 25 u C for 7 days. Tolerance to NaCl was examined in MRS broth containing 4, 6.5, 8 and 10 % (v/w) NaCl after incubation for 7 days at 25 u C. The presence of diaminopimelic acid in 
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Lactobacillus oligofermentans AMKR18 T (AY733084) the cell wall peptidoglycan was determined using published methods (Irisawa & Okada, 2009; Komagata & Suzuki, 1987) . Fatty acid methyl esters were prepared from cells grown in MRS broth incubated for 3 days at 25 u C by saponification, methylation and extraction using the previously described method (Sakamoto et al., 2002) . Cellular fatty acid profiles were determined with the Microbial Identification System (Microbial ID; MIDI). The proportions of D-and L-lactate were determined enzymically using the DL-lactate test kit (Roche Diagnostics). Physiological and biochemical properties of strains LOOC260 T , LOOC253, LOOC273, LOOC279, Lactobacillus oligofermentans JCM 16175 T , Lactobacillus suebicus JCM 9504 T and Lactobacillus vaccinostercus JCM 1716 T were determined with API 50 CH strips (bioMérieux), API 20 strips (bioMérieux) and API ZYM (bioMérieux) in duplicate under identical conditions, according to the manufacturer's instructions. The API 50 CH strips were read up to 14 days.
The results of these phenotypic characterizations, which are useful for differentiating strains LOOC260 T , LOOC253, LOOC273 and LOOC279 from closely related species of the genus Lactobacillus with validly published names, are given in Table 1 and the species description is given below. Slight differences in physiological features among the isolates were observed (Table 1) , allowing strain differentiation and exclusion of clonal relatedness. These novel isolates, psychrotolerant in nature, more quickly assimilated L-arabinose, Dribose and D-xylose than glucose in the API 50 CH test, indicating that they prefer pentoses to hexoses. This feature of carbohydrate utilization is in agreement with the results for the other related species, Lactobacillus oligofermentans, Lactobacillus suebicus and Lactobacillus vaccinostercus (Kleynmans et al., 1989; Koort et al., 2005; Okada et al., 1979) .
The fatty acid profiles of the four novel strains comprised saturated fatty acids (C 14 : 0 , C 16 : 0 and C 18 : 0 ), unsaturated fatty acids (C 16 : 1 v7c and C 18 : 1 v9c) and a cyclopropane (C 19 : 1 cyclo 9,10), differentiating them from Lactobacillus oligofermentans JCM 16175 T , Lactobacillus suebicus JCM 9504 T and Lactobacillus vaccinostercus JCM 1716 T (Table  2) . Unsaturated fatty acid C 18 : 1 v9c and cyclopropane C 19 : 1 cyclo 9,10 were the major cellular fatty acids present in the novel strains (Table 2 ).
In conclusion, based on phenotypic and phylogenetic characterization, strains LOOC260 T , LOOC253, LOOC273 and LOOC279 are considered to represent a novel species of the genus Lactobacillus, for which the name Lactobacillus hokkaidonensis sp. nov. is proposed.
Description of Lactobacillus hokkaidonensis sp. nov.
Lactobacillus hokkaidonensis [hok.kai.do.nen9sis. N.L. masc. adj. hokkaidonensis of or belonging to Hokkaido (subarctic northern part of Japan), from where the type strain was isolated].
Cells are Gram-positive, catalase-negative, facultatively anaerobic and non-motile rods occurring singly and in pairs (0.8-1.2 mm in width and 1.5-3.0 mm in length). They do not form spores. After 72 h of incubation on MRS agar plates at 25 u C, colonies are small (0.5-1.0 mm in diameter), circular, smooth, convex and white. They are heterofermentative. Gas is produced from glucose. Both Dand L-lactic acid are produced. Acid is produced from Larabinose, D-ribose, D-xylose, methyl-b-D-xylopyranoside, D-glucose, N-acetylglucosamine and maltose. Acid is not produced from glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, D-galactose, D-fructose, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-a-D-mannopyranoside, methyl-a-D- glucopyranoside, amygdalin, arbutin, aesculin, salicin, cellobiose, lactose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, turanose, D-tagatose, D-, or L-fucose, L-arabitol, 2-ketogluconate and 5-ketogluconate. Variable reactions for acid production from melibiose, Dlyxose, D-arabitol and gluconate are observed. In the API ZYM system, positive for esterase, esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase and a-glucosidase. Negative reactions for alkaline phosphatase, lipase, trypsin, a-chymotrypsin, b-glucosidase, N-acetyl-b-glucosamidase, a-mannosidase and a-fucosidase. Dextran is not produced from sucrose. Ammonia is not produced from arginine. Aesculin is not hydrolysed. The temperature range for growth is 4-37 uC and no growth occurs at 45 u C. The optimum temperature for growth is 25 u C. Growth occurs at pH 4.0-7.0, but not at pH 3.5 and 8.0. Grows in the presence of 4 % NaCl but not in the presence of 6.5-10 % NaCl. The cell-wall peptidoglycan contains meso-diaminopimelic acid as the diagnostic diamino acid. The major fatty acids are C 18 : 1 v9c and C 19 : 1 cyclo9,10.
The type strain is LOOC260 T (5JCM 18461 T 5DSM 26202 T ), isolated from timothy grass silage produced in Hokkaido, Japan. Three additional strains [LOOC253 (5JCM 18460), LOOC273 (5JCM 18462) and LOOC279 (5JCM 18463)] are isolates of this species. The DNA G+C content of the type strain is 39.4±0.4 mol%. (ECL 18.199) and/or C 18 : 0 anteiso DMA 0.9 0.8 0.7 1.0 1.5 0.6 2 *Summed feature 10: C 18 : 1 v11c/v9t/v6t and/or Un (ECL 17.834). Summed feature 12: Un (ECL 18.622) and/or iso-C 19 : 0 .
